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associated with the proteolytic activity associated with malignancy should yield new 
markers that are associated with oncogenic processes. 

There is a need in the art for the identification of antigens which are associated 
with universal oncogenic processes, and which are not limited to a specific type of 
cancer. Such pan-marker or universal marker antigen(s) will be useful for the routine 
screening of patients to determine if they have cancer. After an initial screening, 
patients with elevated concentrations of the pan-marker, when compared to a 
"normal" population, would be further screened to determine if they do in fact have 
cancer and the specific type of cancer from which they are suffering. Additionally, it 
is desirable that such a pan-marker is present in blood, or other biological fluids, so 
that testing can be performed on easily obtainable samples. 

Summary of the Invention 

The present invention is directed to immunoassays for the detection of cancers. 
In one embodiment, the invention provides a method for detecting cancer in a subject 
by contacting a biological sample obtained from the subject v^th an antibody that 
binds an epitope on a blood protein degradation peptide that is masked in the blood 
protein and determining the presence of an antibody-peptide complex. In a preferred 
embodiment of the invention, the blood protein is human fibrinogen and the antibody 
recognizes an epitope comprising the amino acids 15 to 21 of the p-chain of human 
fibrinogen. 

A wide variety of assays for the degradation peptide may be utilized. In one 
embodiment, the assay is an enzyme-linked inunimoadsorbent (ELISA) assay. In a 
preferred embodiment, the assay is a sandwich type ELISA immunoassay. Biological 
samples which are assayed in the present invention may be obtained from a variety of 
sources. In a preferred embodiment, the biological sample consists of human blood. 
In addition, a variety of modifications and variations of this assay are disclosed. In 
one embodiment, the assay includes the additional step of screening a biological 
sample isolated from the subject for the presence of a second tumor marker. In a 
preferred embodiment of this variation, the second tumor marker consists of either 
PSA, CEA, CA 15-3, CA 19-9 or CA 125, or a combination thereof 

A significant feature of the invention is the identification of cancer markers 
which comprise epitopes on endogenous proteins that are usually inaccessible to 
immimodetection in normal subjects. In a nimiber of the exemplary embodiments, the 
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The term "mammar' as used herein refers to any mammal classified as a 
mammal, including humans, cows, horses, dogs and cats. In a preferred embodiment 
of the invention, the mammal is a human. 

5 Identification of Markers Associated with Cancer 

The present invention is directed at a method of screening for cancer by 
detecting an epitope in a protein peptide not generally accessible on the full length 
protein but which becomes so upon proteolytic degradation. Such peptides are 
generated by the action of proteases which are involved oncogenic processes. 

10 The present invention illustrates the association between common oncogenic 

processes such as proteolysis and novel cancer antigens. Proteases are associated with 
oncogenesis and are released at a higher rate into the interstitial fluid of growing 
tumor cells than normal cells. Several lines of evidence support the hypothesis that 
this increase in the quantity of protease released by the cancer cells contributes 

15 directly to the invasiveness of tumor cells and to the destruction of the adjacent host 
tissue. In the case of breast cancer metastases, four classes of proteases appear to be 
involved in disease progression. These four classes of proteases include cathepsins B 
and L (cysteine proteases), cathepsin D (aspartyl protease), coUagenases (metallo- 
proteases) and urokinase and plasminogen (serine proteases). Proteases have been 

20 implicated in a niunber of malignant conditions and researchers have observed 
increased secretion of proteases into the interstitial fluid around growing tumors. 
These proteases inevitably act on proteins, including those in the coagulation cascade 
leading to the formation of fibrin. Furthermore fibrin is very frequently observed at 
the invading periphery of malignant neoplasms. Hiramoto et al. "Fibrin in Human 

25 Tumors," Cancer Res., 20:592-593, (1960). Malignant cells also characteristically 
possess high levels of plasminogen activator which should induce local fibrinolysis. 
Ossowski, et al., "Fibrinolysis Associated with Oncogenic Transformation,"^ Exp. 
Med, 138:1056-1064, (1973). 

The invasiveness of some tumor cells has been correlated with an increased 

30 expression of coUagenase. Genetic manipulation of such tumor cells, in culture, to 
reduce the activity of the coUagenase results in a decrease in the invasiveness of the 
cell and metastases caused by the cells, in vitro. Furthermore, the addition of tissue 
metalloproteinase inhibitors to tumor cells results in blocking of the cell's 
invasiveness in vitro. Similarly, the administration of either natural or synthetic 
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metalloproteinase inhibitors prevents metastasis of lung cancer cells. One 
consequence of the release of proteases by tumor cells into the bloodstream is the 
proteolysis of serum proteins such as fibrinogen. Therefore, the extent of proteolytic 
degradation of serum proteins can be correlated with the activity of the tumor cells. 
5 Quantitatively the degree of proteolysis can be determined by measuring the quantity 
of the degradation products generated by the action of the proteases. This 
measurement is, therefore, an indirect estimate of the degree of malignancy of the 
tumor cells. 

A significant feature of the invention is the identification of cancer markers 

10 which comprise epitopes on endogenous proteins that are generally inaccessible to 

immunodetection. Specifically, while these epitopes are usually masked by the factors 
such as the 3 dimensional structure of the protein, they become unmasked and 
accessible to immunodetection for example, upon proteolytic degradation that occurs 
in oncogenesis. With this knowledge, methods which measure unique epitopes that 

15 are either sterically or immunochemically unreactive in the native fibrinogen molecule 
and are manifested secondary to proteolytic degradation of fibrinogen are of 
particular interest. Further, in view of the concurrent increase in the formation of 
fibrin and in the secretion of proteases in malignant conditions, the measurement of 
serum fibrinogen degradation product (FDP) levels may represent a useful measure of 

20 malignancy. Specifically, methods to detect proteolytic degradation products of 
fibrinogen and other plasma proteins with minimal interference from the parent 
protein (the protease substrate) are of particular interest for use in a cancer detection 
assay. The results of studies establishing the viability of an immimoassay, called 
Oncochek, for the detection of FDPs as indicators of the presence of various cancers is 

25 described herein. 

Within the present invention, peptides associated with oncogenic processes 
may be found in detectable concentrations in the biological samples of warm-blooded 
animals, including himians, possessing a disease which disrupts epithelial tissue. As 
disclosed in the present invention, unmasked peptides may be indicative of a variety 

30 of diseases arid are detectable in a variety of samples, with or without purification of 
such peptides. For example, degradation peptides are shown to be associated with 
invasive cancers. Invasive cancers include cervical, urogenital (e.g., bladder and 
prostate), lung, colorectal, and head and neck cancers. Such peptides are also 
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after initial plasminolysis (residlies 15-21). Chung et al., "Characterization of 
Complementary DeoxyribonucleicxAcid and Genomic Deoxyribonucleic Acid for the 
|5 Chain of Human Fibrinogen," Biochemistry, 22:3244-3250, (1983). After capture 
of the proteolytic degradation produdts of fibrinogen by the immobUized monoclonal 
antibody, the immune complex is deteWd by using a highly specific conjugate 
consisting of polyclonal antifibrinogen antibody labeled with horseradish peroxidase. 

yWhik the peptide GHI^LDK has been used in one embodiment of the present 
invention, it will be clear to thosia skilled in the art that other internal fibrinogen 
peptides would also be of use, as wmild internal peptides of other proteins which are 
degraded by proteases produced by cancer. In an assay of the present invention a 
commercially available monoclonal anti»qdy to the peptide GHRPLDKC can be used. 

An illustrative antibody that is useful in this assay is the murine monoclonal 
antibody derived from clone D1G10VL2 and which is commercially available from 
Biodesign International, Kennebunkport, ME (Catalog number M42543M) and 
Immunotech, Inc., Westbrook, ME). This monoclonal antibody was generated using 
an immunogen prepared from the peptide GHRPLDKC conjugated to bovine serum 
albumin. The sequence of the first 7 amino acids of the octapeptide corresponds to 
the amino acids number 15 to 21 of p-chain of human fibrinogen. The monoclonal 
antibody recognizes fragment D of fibrinogen but does not cross react with intact 
fibrinogen. In addition to recognizing fragment D, the monoclonal antibody also 
reacts with fibrinogen degradation products (FDP) produced by plasminolysis. 
However, the monoclonal antibody does not recognize fragment E. Fragment D is the 
proteolytic product of fibrinogen plasminolysis. Although, in the current assay 
format, the immobilized monoclonal antibody to fragment D will capture fragment D 
or FDP, only FDP are "sandwiched" by the polyclonal anti-fibrinogen antibody, 
labeled with horseradish peroxidase, which is used. 

In use the monoclonal antibody was immobilized on a solid phase and used to 
capture proteolytic degradation products of fibrinogen. After being captured by the 
immobilized mouse monoclonal antibody, the degradation products were complexed 
by polyclonal antibody (ovine anti-human fibrinogen-peroxidase conjugate and 
which is commercially available from The Binding Site, Inc., San Diego, CA) to form 
an immxmo-sandwich. While a sandwich enzyme linked immunosorbent assay 
(ELISA) was used in the Examples below, relating to this invention, one skilled in the 
art is aware that other assay formats can also be used. 
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TWEEN-20, 0.001% (v/v) Triton X-100, 5 ^g/ml gentamicin, 2.5 |ag/ml 
amphotericin B). 300-^1 of STABILCOAT^ (obtained from BSI Corp., Eden 
Prairie, MN) was added to each well of each microtiter plate, and the plates were 
incubated at 25°C for at least 2 hours. The STABILCOAT^^ was then removed from 
5 the wells of the microtiter plates and the plates were dried overnight in a vacuum 
desiccator. 

Example 2 

Preparation Of Plasmin-Digested Fibrinogen fFDP^ 
10 For Used As Calibrators 

Fibrinogen was plasmin-digested according to the method of Haverkate and 
Timan as setforth below. 

Fibrinogen (obtained from Sigma Chemical Co., St. Louis, MO) was dissolved 
at a concentration of 0.15% (w/v) in 0.05 M MOPS, pH 7.4, 0.10 M NaCI and 2 mM 
15 CaCl2. Plasmin (obtained from Sigma Chemical Co., St. Louis, MO) was added to a 
final concentration of 0,25 units per ml fibrinogen solution, and the mixture was 
incubated at 3TC for 3 hours. At the end of the 3 hour incubation, the FDP was 
frozen until required. 

For use as calibrators the FDP sample was diluted with phosphate buffered 
20 saline (PBS: 1 37 mM NaCl, 1 .6 mM KCl, 8. 1 mM Na2HP04, 1 .5 mM KH2PO4) with 
5 mM EDTA and 1% (w/v) BSA. 

Example 3 
Assay Procedure 

25 All calibrators, controls, and samples were diluted 1 :200 with diluent buffer 

(PBS with 5 mM EDTA and 1% (w/v) BSA). 100-^l aliquots of diluted calibrators, 
controls, or samples were added to the wells of coated microtiter plates (coated as 
described in Example 1) and incubated for 30 minutes at 25°C. At the end of the 
incubation, the microtiter plates were washed six times with TBS. Then 100 |il of 

30 antibody-peroxidase conjugate solution was added to the wells of the microtiter plate 
and the plates were incubated for 30 minutes at 25°C, At the end of the incubation the 
microtiter plates were washed six times with TBS. 100-nl of TMB (substrate for the 
horseradish peroxidase obtained from Kirkegaard & Perry Laboratories, Inc., 
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Gaithersbxirg, MD) was then added to each well, and the plates were incubated for 15 
minutes at IS^'C, At the end of the incubation 100 (il stop solution (0.1 M HCl) was 
added to each well. The solution in the wells of the microtiter plates was then read at 
450 nm. 

Example 4 
Statistical Analysis 

The assay sensitivity-specificity relationship was analyzed using ROC 
(receiver-operating characteristic) plots that were constructed by measuring the levels 
of FDP from sera of both cancer patients and normal control subjects. Such an 
analysis is a powerful means to describe diagnostic accuracy of the assay. The 
diagnostic sensitivity is defined by equation 1 : 

Sensitivity = True Positives/(True Positives + False 

Negatives) 

and the diagnostic specificity is defined by equation 2: 

Specificity = True Negatives/(Tme Negative + False 

Positives) 

The comparative ability of fragment D, fragment E, intact fibrinogen and FDP 
to form sandwiches between the monoclonal and polyclonal antibodies are 
summarized in Table I. 

Example 5 
Calibration Curve 

The calibrators for the assay were prepared by plasminolysis of fibrinogen as 
described in Example 2. Intact fibrinogen (fibrinogen not subjected to prior treatment 
with plasmin) was unreactive in the assay of the present invention whereeis 
immunoreactive FDP were formed from fibrinogen by plasmin treatment in a time- 
dependent fashion (Table I), 
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Table I 

Analytical Specificity of the Assay 



Sample tested 


Fibrinogen 
Fragment D 


Fibrinogen 
Fragment E 


Fibrinogen 


FDP 


Concentration ^^g/m\ 


100 


100 


100 


100 


Absorbance at 450 
nm 


0.045 


0.064 


0.088 


1.500 



The results in Table I show that neither fibrinogen fragment D, fibrinogen 
fragment E nor intact fibrinogen show significant reaction in the assay of the present 
invention. However, the fibrinogen digested with plasmin results in significant 
immuno-reaction in the assay of the present invention. 

FIG. 1 shows a standard curve for the reaction of different concentrations of 
FDP (over the range of 32 to 250 ng/ml) with the assay system of the present 
invention. The results indicate that the absorbance at 450 nm is proportional to the 
amount of FDP added, over the range studied. The immunoreactive products present 
in the serum of a cancer patient with high levels of FDP exhibited linearity in 
dilutional parallelism to the FDP calibration curve over a dilution range from 5- to 
80-fold (see Figure 2). 

Figure 1 1(A) illustrates results indicating that FD affects FDP measurements 
in the Oncochek assay in a pattem consistent with noncompetitive inhibition or covert 
cross-reactivity. Suelter CH., A. Practical Guide to Enzymology, New York, Wiley, 
p. 248, (1985). This inhibition pattem is consistent with the mechanism that FD binds 
to the solid phase of capture antibody, thus reducing the antibody sites available for 
binding FDPs. The double reciprocal plots of FE and FG inhibition studies are 
consistent with the absence of interaction between MAb and FE and FG (see Figures 
1 1(B) and 1 1(C)). They are also consistent with the results presented in Table I, which 
shows the lack of response by FE and FG in the Oncochek assay. 
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Example 6 

Studies Using Clinical Samples 

Sera from fifty control patients (non-cancer) and sixty-five cancer patients 
were obtained from Orange Coast Hematology and Oncology Groups, Poland Institute 
of Oncology, Austin Medical Ventures, and LA Metropolitan Hospital. The 
segmentation of the cancer patient group included 12 lung cancer patients, 10 breast 
cancer patients, 1 1 prostate cancer patients, 18 ovarian cancer patients, and 14 colon 
cancer patients. 

Table II shows the FDP levels in the sera of the 50 normal (Table Ila) control 
subjects and the 65 cancer patients (Table lib). 



Table Ufa) 

Measurement Of The FDP Levels In 
Control Subjects fNfon-Cancer'^ 



Sample # 


Gender 


Dn,/F' Assay 
(Hg/ml FDP) 


Sample # 


Gender 


D^/F' Assay 
(Hg/ml FDP) 


1 


M 


33 


26 


F 


215 


2 


F 


19 


27 


F 


50 


3 


F 


86 


28 


F 


207 


4 


F 


27 


29 


F 


0 


5 


F 


91 


30 


F 


133 


6 


F 


35 


31 


F 


59 


7 


F 


14 


32 




57 


8 


F 


12 


33 


F 


96 


9 


F 


26 


34 


M 


0 


10 


F 


69 


35 


M 


122 


11 


F 


0 


36 


M 


102 


12 


F 


30 


37 


F 


160 


13 


F 


3 


38 


M 


103 


14 


F 


0 


39 


M 


0 


15 


F 


0 


40 


M 


99 


16 


F 


96 


41 


M 


71 


17 


F 


0 


42 


M 


0 
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Sample # 


Gender 


Dm/F' Assay 
(^g/ml FDP) 


Sample # 


Gender 


Dm/F' Assay 
(Hg/ml FDP) 


18 


F 


0 


43 


F 


84 


19 


F 


0 


44 


F 


148 


20 


M 


0 


45 


F 


111 


21 


M 


0 


46 


F 


88 


zz 


t; 
r 


12. 


47 


M 


7 


23 


F 


129 


48 


M 


37 


24 


F 


51 


49 


M 


0 


25 


F 


0 


50 


F 


0 



* Dm/F = ELISA using monoclonal anti-fibrinogen-peptide antibody and polyclonal 
anti-fibrinogen conjugated to horse radish peroxides. 
U = Unknown 



Table lib 

FDP Level In Sera Of Cancer Patients 



Sample # 


Gender 


Dm/F Assay 
(Hg/ml FDP) 


Sample # 


Gender 


Dm/F' Assay 
(jxg/ml FDP) 


Lung Cancer '. 


^atents 


Ovarian Cancer Patients 


1 


M 


132 


1 


F 


33 


2 


F 


161 


2 


F 


252 


3 


M 


456 


3 


F 


37 


4 


F 


0 


4 


F 


8 


5 


F 


26 


5 


F 


215 


6 


M 


106 


6 


F 


0 


7 


F 


311 


7 


F 


23 


8 


F 


300 


8 


F 


196 


9 


M 


377 


9 


F 


107 


10 


M 


15 


10 


F 


108 


11 


F 


0 


11 


F 


165 


12 


M 


0 


12 


F 


371 
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Sample # 


Gender 


Dm/F Assay 
(Hg/ml FDP) 


Sample # 


Gender 


Dm/F' Assay 
(\ig/m\ FDP) 


Lung Cancer Patents 


Ovarian Cancer Patients 




Breast Cancer Patients 


13 


F 


125 


1 


F 


14 


14 


F 


167 


2 


F 


0 


15 


F 


195 


3 


F 


0 


16 


F 


162 


4 


F 


81 


17 


F 


154 


5 


F 


215 


18 


F 


144 


6 


F 


0 


Colon Cancer Patients 




7 


F 


101 


1. 


F 


0 


8 


F 


0 


2 


M 


0 


9 


F 


0 


3 


M 


510 


10 


F 


0 


4 


F 


9 


Prostate Cancer Patients 


5 


M 


134 


1 


M 


113 


6 


M 


0 


2 


M 


192 


7 


F 


211 


3 


M 


0 


8 


F 


222 


4 


M 


345 


9 


M 


80 


5 


M 


17 


10 


M 


236 


6 


M 


251 


11 


M 


17 


7 


M 


371 


12 


M 


0 


8 


M 


129 


13 


F 


47 


9 


M 


167 


14 


M 


52 


10 


M 


270 








11 


M 


451 









Samples from cancer patients generally exhibited higher concentrations of 
FDP, using the Dm/F assay format, than did control patients. 

Based on the data presented in Table II, an ROC analysis of the assay was 
performed to obtain information on the relationship between the sensitivity and 
specificity of the assay. The result of the ROC analysis is presented in Table III which 
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• n FDP level of 1 50 vtg/ml, the specificity of the assay is 9^% 
iT^^raywaishowntoheh^ 



cross-reaction was observed 
5 intact fibrinogen 



TableJU 

ROOAnalxskofS^^ 




^ ft = fraction 
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The results shown in Tables II and III demonstrated that the assay of the 
present invention is capable of detecting more than one type of cancer with a high 
degree of specificity and an acceptable degree of sensitivity. 

Example 7 

Clinical Performance of FDP Relative to Other Markers 

Sera from control patients (non-cancer) and from patients with breast, colon, 
lung, ovarian or prostate cancer were obtained from a commercial supplier. Fifty 
samples were used in each group. 

FDP levels were measured and normalized such that a normalized ratio of 1.0 
represents the upper limit of the normal range. Figure 3 shows the results of these 
measurements for each group. 

Levels of known cancer antigens were also measured in the same samples and 
these levels were compared to the normalized ratios of FDP. Figure 4 is a scatterplot 
of CA 15-3 levels as compared to FDP normalized ratio for individual samples from 
breast cancer patients. Figure 5 is a scatterplot of CA 19-9 levels as compared to FDP 
normalized ratio for 22 of the 50 individual samples from colon cancer patients. 
Figure 6 is a scatterplot of CEA levels as compared to FDP normalized ratio for 28 of 
the 50 individual samples from colon cancer patients. Figure 7 is a scatterplot of CEA 
levels as compared to FDP normalized ratio for individual samples from lung cancer 
patients. Figure 8 is a scatterplot of CA 125 levels as compared to FDP normalized 
ratio for individual samples from ovarian cancer patients. Figure 9 is a scatterplot of 
PSA levels as compared to FDP normalized ratio for individual samples from prostate 
cancer patients. 

These scatterplots demonstrate the increased sensitivity of FDP measurements 
relative to measurement of other cancer antigens. This increased sensitivity is 
particularly demonstrated by the datapoints which fall within the lower right quadrant 
of the plots. The results presented in Figure 3 show that FDP measurements detect a 
wide variety of cancers. ^ 

Results of the Oncochek assay indicate that FDP levels in the sera of patients 
vnth various types of cancer are significantly elevated in comparison to normals. For 
example, FDP levels in the sera of normal control subjects were compared with those 
in the sera of patients with five types of cancers. Each group consisted of 50 patients 
and included breast, colon, lung, ovarian, and prostate cancers. The data presented in 
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Figure 3 were subjected to a receiver-operating-characteristics (ROC) analysis to 
assess the relationship between the sensitivity and specificity of the assay at various 
threshold concentrations of FDP. 

By ROC analysis using an upper limit of normal con-esponding to 96% 
specificity, sensitivities of 84, 82, 82, 34, and 60% were achieved for breast, colon, 
lung, ovarian, and prostate cancers, respectively (see Table IV below). If an elevation 
in the value of either the Oncochek assay or the organ-specific marker (or both) was 
used as a prediction of the presence of cancer, sensitivities approximating 90% or 
greater were achieved for breast, colon, and lung cancers. 

Table IV 



Organ 


Marker 


N= 


Observed Sensitivity { 




Oncochek 


Marker 


Both 


Breast 


CA 15-3 


50 


84 


62 


96 


Colon 


CA 19-9 


22 


36 


27 


45 




CEA 


28 


82 


50 


89 


Lung 


CEA 


50 


82 


52 


90 


Ovary 


CA 125 


50 


34 


42 


56 


Prostate 


PSA 


50 


60 


84 


90 



Results shown in Table IV and Figure 3 suggest that the Oncochek immuno- 
assay can detect multiple cancers v^th a high degree of specificity and clinical 
sensitivity. When it is used with established organ-specific markers, improved 
clinical sensitivity may be achieved for breast, colon, and lung cancers. 

Example 8 

Improved Specificity of FDP Relative to Other Markers 

Samples of pleural effusate from a lung cancer patient were prepared for 
sodium dodecylsulfate polyacrylamide electrophoresis (SDS-PAGE) gels and 
transferred to nitrocellulose for western blotting using standard methods well known 
in the art. 
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Figures lOa-d show results from reduced (with mercaptoethanol; Figs. lOa-b) 
and non-reduced (without mercaptoethanol; Figs. lOc-d) gels. In Figures 10a and 
10c, the probe was derived from a ring shaped particle extract. (Ring shaped particles 
are described in United States Patents Nos. 5,635,605, issued June 3, 1997, and 
5 5,459,035, issued October 17, 1995.) In Figures 10b and lOd, the probe was the 
monoclonal antibodies of the invention. 

These results show that the molecules of the invention can be used to detect 
cancer with a much higher specificity than obtained with other cancer detection 
probes. 



The above description is of one embodiment of the present invention. However, 
it will be clear to those skilled in the art that various changes and modifications may be 
made without departing from the spirit of the invention. 
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